Objective: To compare the proportion of correct placements (POCP) between 'two-fingers' and 'two-thumbs' techniques of chest compression among neonates of various gestations.
Introduction
The American Heart Association recommends 'two-fingers technique' and 'two-thumbs encircling hands technique' for external chest compressions during cardiopulmonary resuscitation in neonates.
1 Two-thumbs encircling hands technique may generate higher peak systolic and coronary perfusion pressures than two-fingers technique. [2] [3] [4] [5] [6] [7] Two-fingers technique may be preferred when access to the umbilicus is required during insertion of an umbilical catheter. 1 The recommended site of chest compressions is lower third of sternum. At bedside, the site of chest compression is selected between an imaginary line joining the two nipples (inter-nipple line) and sterno-xiphoid junction. 1, [8] [9] [10] During chest compressions, pressure over xiphoid process and abdomen should be avoided, as it can cause laceration of the liver. 7, 11 Clements et al. 12 have shown that by using three-fingers technique during cardiopulmonary resuscitation in infants and children, pressure would be exerted on the xiphisternum or abdomen. Although widely practiced, the two recommended techniques for neonatal external chest compression have not been evaluated for the above-said concerns. It is possible that two-fingers or two-thumbs span of adult resuscitators might be more than lower third of sternum in neonates and could exert pressure over xiphisternum and abdominal viscera. This concern is even more in preterm neonates and particularly so in extremely preterm neonates.
We hypothesized that if the fingers or thumbs span exceeds the distance between the inter-nipple line and the sterno-xiphoid junction, then chest compressions may be either ineffective or cause complications. We wanted to explore, what are the chances that two thumbs/two fingers remain confined to the above-said anatomical landmarks, if the chest compressions are performed correctly. Therefore, we planned this study to find out the proportion of correct placements (POCPs) achieved by two-fingers technique and two-thumbs encircling hands technique among neonates. We also planned a subgroup analysis for proportion of 'correct placements' among term and preterm infants; among low-birth-weight (LBW), very-low birth-weight (VLBW) and extremely-low birth-weight (ELBW) infants; among full-term appropriate-for-gestational age (AGA) and small-for-gestational age (SGA) infants; and among preterm AGA and SGA neonatesFusing two-fingers and two-thumbs encircling hands techniques.
Methods

Study design and setting
This was a cross-sectional observational study done over 3-months period (June 2010 to August 2010) in a level III NICU. Ethics approval was obtained form Institute's Ethical Committee. The study was registered under CTRI (CTRI0006094, 21 December 2010).
Participants
We included all full-term (X37 weeks gestational age at birth) and preterm (<37 weeks) intramural singleton neonates with postnatal age of <7 days. Neonates with lethal congenital malformations, thoracic wall deformities and multiple gestations were excluded. The participants were randomly selected from the cohort of all eligible neonates born during study period by using computer-generated simple random sequence. Parents of neonates, who satisfied above eligibility criteria, were approached and enrollment was done after obtaining written informed consent from one of the parents. LBW, VLBW and ELBW neonates were defined as neonates with birth weight <2500, 1500 and 1000 g, respectively. AGA neonates were defined as neonates with birth weight between 10th and 90th centile for that gestational age. 13 SGA infants were defined as birth weight <10th centile for that gestational age. 13 Adult rescuers (male ¼ 20, females ¼ 12) were selected randomly from junior and senior residents working in neonatal unit, using computer-generated random numbers.
Study protocol
Step 1: the distance between inter-nipple line and sterno-xiphoid junction was recorded with the Digimatic caliper (Mitutoyo, Kawasaki, Japan; precision 0.01 mm).
Step 2: in order to obtain two-fingers' or two-thumbs' span, the adult rescuers were asked to place their two-fingers or two-thumbs (smeared with ink) on a plain paper using recommended methods of placement. 1 They were asked to press down on the paper in a similar way as they would have done in actual chest compressions on a neonate. The span of two-fingers or two-thumbs was recorded by measuring the outer margins of their contact on the surface of the paper using Digimatic caliper (Mitutoyo; precision 0.01 mm).
Step 3: Two-fingers and two-thumbs spans of each adult rescuer were compared with the inter-nipple line to sterno-xiphoid junction distance of each neonate. Hence total numbers of comparisons, for both methods of chest compression, were equal to the product of number of neonates and number of adult rescuers (39 (neonates) Â 32 (rescuers) ¼ 1248 (comparisons)).
Placements were considered 'correct', if the span of two-fingers or two-thumbs was less than or equal to the inter-nipple line to sterno-xiphoid junction distance. If the span of two-fingers or twothumbs exceeded the distance between inter-nipple line and sternoxiphoid junction, it was considered an incorrect placement.
Outcome measures
The primary outcome variable was the POCPs among all neonates with two-fingers technique and two-thumbs encircling hands technique. We compared the two-fingers and two-thumbs encircling hands technique separately for POCP among term and preterm neonates. We also compared POCPs achieved by the two techniques in various subgroups: among LBW, VLBW and ELBW We did a pilot survey of 14 neonates (seven full-term and seven preterm) and 14 adult rescuers (seven males and seven females) to find the POCP in two groups. Of seven preterm neonates, three each were ELBW and VLBW neonates, and one was LBW. Out of 196 observations made, correct placements were achieved in 15%. To pick up a proportion of 15% correct placements, with a desired precision of 2% (1% on each side); we needed a sample size of 1224 observations.
Results
In all, 39 neonates and 32 adult rescuers were enrolled to provide 1248 comparisons. Out of 39 neonates, 23 were full term and 16 were preterm. Among full-term neonates 17 were AGA, 5 were SGA and 1 was large for gestational age. Among preterm neonates 14 and 2 were AGA and SGA, respectively; and 3, 6 and 7 were ELBW, VLBW and LBW neonates, respectively. The baseline anthropometric data of all neonates is presented in Table 1 . The mean (s.d.) two-fingers span of the adult rescuers was 2.5 (0.2) cm (male 2.6 (0.25) cm, females 2.3 (0.14) cm) and two-thumbs span was 1.5 (0.2) cm (male 1.5 (0.15), females 1.3 (0.08) cm), respectively.
Correct placements were achieved in 6.7 and 77% of all neonates with two-fingers technique and two-thumbs encircling hands technique, respectively (P<0.001). Among full-term neonates, the POCP were 10.6 and 89.5% with two-fingers and two-thumbs encircling hands techniques, respectively (P<0.001). 5.6 ± 0.6 4.3 ± 0.6 Distance between inter-nipple line and sterno-xiphoid junction (cm) 1.9 ± 0.3 1.6 ± 0.4
All values are mean±s.d.
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Similarly, among preterm neonates, POCP were 1.2 and 59% with two-fingers and two-thumbs encircling hands technique, respectively (P<0.001) ( Table 2 ). The POCP among various subgroups is shown in Table 3 . Figure 1 represents the 'difference between two-fingers span or two-thumbs span and inter-nipple line to sterno-xiphoid junction distance' as a proportion of inter-nipple line to sterno-xiphoid junction distance. Zero represents that the twofingers span or two-thumbs span was equal to distance between internipple line and sterno-xiphoid junction. Any value above zero means two-fingers span or two-thumbs span was greater than the distance between inter-nipple line and sterno-xiphoid junction. Values below zero means two-fingers span or two-thumbs span was less than the distance between inter-nipple line and sterno-xiphoid junction. As seen in the figure, two-fingers span was almost always more than the Abbreviations: AGA, appropriate for gestational age; ELBW, extremely low birth weight; LBW, low birth weight; SGA, small for gestational age; VLBW, very low birth weight. Figure 1 Relation of two-fingers/two-thumbs span and distance between inter-nipple line and sterno-xiphoid junction among full-term and preterm neonates.
inter-nipple line to sterno-xiphoid junction distance in neonates of all gestations. This difference was as high as 1.75 times the distance between inter-nipple line and sterno-xiphoid junction. The twothumbs span was appropriate for majority of full-term infants and infants >1500 g. In a large proportion of VLBW and majority of ELBW infants, the two-thumbs span also exceeded the distance between inter-nipple line and sterno-xiphoid junction.
Discussion
This study comparing the sternal dimensions of neonates with the two-fingers and two-thumbs spans of adult rescuers has shown that the two-fingers technique achieves correct placements significantly less often as compared with two-thumbs encircling hands technique. In a large percentage of VLBW and majority of ELBW neonates, even the two-thumbs span of adult rescuers exceeds the inter-nipple line-sterno-xiphoid distance. Thus these infants are prone to visceral compression and injury during chest compression, especially with two-fingers technique.
The sternal lengths of our study population were shorter than previously published values.
14 The distance between the inter-nipple line and sterno-xiphoid junction in term neonates in our study was also shorter than reported (2.6 cm (95% confidence interval 2, 3.5)) by Clements et al. 12 This difference in measurements could be attributed to differences in the population and precision of the caliper. We could not find any reports of sternal length measurements from any developing country. Moreover, the span of two-fingers or two-thumbs is not available in literature.
There are no studies, which have checked the POCP using the recommended methods of chest compressions in neonatal age group. Clements et al. 12 showed that using three-fingers method for cardiopulmonary resuscitation among infants and children, pressure would be exerted on xiphisternum or abdomen. In that study, the method used was three-fingers method instead of two-fingers method (recommended by Neonatal Resuscitation Programme 1 for neonatal cardiac compressions). Out of 30 observations, only 7 were taken in neonates, and preterm neonates were excluded from the study. No other published reports have compared the two-fingers and two-thumbs encircling hands techniques for correct placements in neonatal age group.
Two-thumbs encircling hands technique has previously been compared with the two-fingers technique in animal models of cardiac arrest and experimental designs for systolic and diastolic blood pressures, coronary perfusion pressures. [2] [3] [4] 15, 16 Two-thumbs encircling hands technique has been found to generate higher systolic and mean blood pressures as compared with two-fingers technique, 2, 3, 15 although this finding is not universal. 16 Other advantages of two-thumbs encircling hand technique over twofingers technique include better control of depth of compressions, being less tiring when performed for longer duration and suitable for individuals with long finger nails.
The current study evaluated the POCP achieved by a commonly used procedure. A high desired precision was selected so as to minimize the chances of error in such a delicate and lifesaving procedure. However there are certain limitations of the study. The main drawback of this study is the external validity. Though anthropometric measurements in our study are smaller than those reported earlier, they can be explained on the basis of geographical differences, different genetic potential and higher proportion of SGA neonates in our population. Although the distance between internipple line and sterno-xiphoid junction was larger in western studies, 14 it is likely that the two-fingers span and two-thumbs span would also be proportionately larger making POCP more or less same across different populations. The study was not done during real resuscitation but in a lot more quiet environment. There are other variables that contribute to the quality of compressions including rate and depth of compression, coordination with positive pressure ventilation and so on, which were not tested in the current study. It is possible that the results would be different under more stressful circumstances. The breakdown of analysis into various subgroups of term and preterm could have magnified or blunted the results in the subgroups owing to the small number of neonates in each subgroup. We enrolled neonates of <7 days postnatal age and hence the applicability of these results beyond early neonatal period needs further evaluation.
Conclusion
The POCP was significantly higher with two-thumbs encircling hands technique as compared with two-fingers technique. There are high chances of incorrect placements and compression of abdominal viscera with two-fingers technique among neonates undergoing chest compressions in early neonatal period. Hence, two-thumbs encircling hands technique for chest compression should be preferred over two-fingers technique. In VLBW and ELBW infants, even two-thumbs technique leads to incorrect placement in a large proportion and newer techniques like single-thumb compression need to be evaluated.
What is known on this topic
K Two-thumbs-encircling hands technique has been found to generate higher systolic and mean blood pressures as compared with two-fingers technique.
K Two-thumbs-encircling hand technique is less tiring and suitable for individuals with long fingernails compared with two-fingers technique.
What this study adds K Two-thumbs-encircling hands technique achieves correct placements in a higher proportion of neonates as compared with two-fingers technique.
K There are high chances of incorrect placements and compression of abdominal viscera using two-fingers technique specially in preterm neonates.
